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STATEMENT OF PROBLEM 


The purpose of this investigation was to determine the 
influence of pump speed, nozzle opening pressure, rack setting, 
and length of line on the discharge rate of the injection valve 
in a jerk pump injection system for Diesel engines. Since 
some of the above variables my be controlled by an operator 
for any given system, it is felt that any correlation, meathe- 
matical or experimental, between these several variables would 
be of value to the designer of the injection system as well as 


to the Diesel operator. 


In addition to obtaining a correlation between the above 
variables, FOR A PARTICULAR INSTALLATION, it appeared desirable 
to determine whether or not these variables might be changed 
with respect to one another to obtain performance which night 


be predicted, and which would result in better operation. 


With these objectives in mind the problem was attacked from 
@ purely experimental point of view and the results are recorded 
herein. 
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SPPABAT VE ABD TESE FROCHOURE. 


A gonerali view of the apparatue is shown in Figure 1, and a 
schematio diagram of the same apparatus is showm in Figure 4. in 
the above two figures the same letters are used to designate the 


same parts. Referring to either Figure 1 or Figure 4: 





FIGURE dl. 


"A" is a shunt motor having rheostatic speed control which drives 
the shaft to which is secured the cam "B", this cam in turn operates 
the plunger of the jerk pump "C". Prom the pump "C" the o11 is dis- 
charged through a pipe line to the nozzle valve which is located in 
the box "D". A graduated scale is secured in box "D" as shown, by 


weans of which the spray penetration may be determined. Mounted on 
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tep of the box "D" is a stroboscopic neon light "E” which is made 
to illuminate the interior of the box "D" through a glass window 
in the top of "D". The time of the flashing of the neon light "E" 
may be made to occur at any desired anguler shaft position by means 
of the graduated and wariable rotary spark gap "F", one part of 
which is secured to the end of the motor shaft, while the variable 
part is mounted on the frame. <A wiring diagram, Figure 5, shows 
the electrical connections between the spark gap “F" and the neon 
light "EB". “H" is the o11 reservoir located on one platform of a 
balance soale. Balance is obtained by placing weights of warious 
magnitudes on the other platform; the instant of perfect balance 
being indicated by the flashing of = small neon light "L", Figure 1. 
This neon light is controlled by an eleetrical circuit through two 
small wires seoured to either platform; the wires moving in and 
out of mercury baths, located under the platforms, as the balance 
changes position. From "H" the oil is delivered to the fuel pump 
“C" through the ofl filter "J". It 1s to be noted that oil my be 
delivered to the pump "C" by gravity or under pressure by means of 
the variable speed pump "G". A pressure of 12 pounds per square 
inch was maintained at the suction side of the pump "C" threughout 


the investigation. 


The pump used was a l0-millimeter "jerk-pump", having the con- 
ventional plunger screll control. A cut-away picture of this type 
of pump is shown in Figure 2(B). The quantity of oil delivered by 
the pump may be varied by rotating the plunger "P" by means of the 


gear "G" which is secured to the plunger "P". Gear "G" is in turn 
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actuated by means of an engaging rack, the position of which is con- 
trolled by the micrometer head "R”, Figure 4. The end of the plunger 
"Pp" 48 actuated by the cam "5", Figure 4, by means of suitable linkage. 
The operation of the fuel pump "3", Figure 2, is as follows: as the 
plunger “P" moves from right to left, the space "EZ" becomes isolated 
when the flat plunger face reaches the left edge of the inlet channel 
"J". Further motion of "P" to the left causes the plunger to force 
oil from "E" past the check valve "V" until the left edge of the 
scroll space "S" reaches the right edge of the inlet channel "J", At 
this point the space "E” communicates directly with the inlet channel 
"J" through a small hole drilled from the plunger face to the scroll 


space “S", and the oil in space "E" is by-passed back to "J". 





Figure 2. 
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Thus in this type of pump, delivery will always commence at the 
sam angular shaft position, regardless of rack setting, whereas 
the angular shaft position at which o11 ceases to be delivered will 


depend upon the setting of the rack. 


- Q11 enters the pump Figure 2(B) at “I", is discharged pest the 
check valwe "V" from whence it is delivered to the nozzle valve, 


Figure 2(A) through the pipe line "L". 


A Caterpillar Fuel Injection Valve designed for engines of 5%" 
and 6-3/4" cylinder bore was used in this investigation. A picture 
of this valve, in cut-away section, is shown in Figure 2(A); the 
valve actually used, however, differs from the one shewn in Figure 
2(A) in that the pre-combustion chamber "C" wae not used. The manu- 


facturer's part designation for this valwe is aa listed below: 


Part Kame Part Number Weight (Grams ) 
Spray valve spring — 1A6926 11.22 
Spray valve spring stem 2A4684 16.07 
Spray valve needle 244682 5.74 


Other pertinent data pertaining to the nozzle valve are: 
(1) needle valve lift 0.007"; (2) necdle valve etem diameter 0.039"; 
(3) included angle between faces of valve seat = 60°; (4) orifice 
length 0.118"; (5) orifice diameter 0.025"; (6) spring quasennt 
771.2 lbs. per in. deflection; (7) clearances between °P" and npr 


and their respective working surfaces = lap fit. 


In obtaining the data necessary for plotting the curves shown 
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WIRING DIAGRAM 
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DISCUSSION AND RESULTS 


The quantity of oil which the fuel pump, Figure 2(B), should 
deliver for various rack settings, besed cn displecement data, was 
computed as follows and ie shown by the plane surfaces A ib C D in 


Figure 6:3 


Dial indicator readings were carefully taken of the cam contour 
for the various engular crank positions from which the lift curve, 
Figure 3, was constructed. Then the anguler shaft position for cut- 
off (the point at which the fuel pump, Figure 2(8), began delivery) 
was obtained by manually unseating the check valve and observing the 
point at which the 011 ceased to flow from the fuel pump; the oil 
to the suction side of the pump being maintained under pressure due 
to the gravity head from supply tank "A", see Figure 1. This angular 
sheft position was, as should be expected, the same fer all rack set~ 
tings. Next, the angular position of the shaft at the point of re- 
lease (that point at which the pump stopped delivery due to the seroll 
position), was determined fer each rack position. This was accen- 
plished by again lifting the fuel pump check valve manually, and ob- 
serving the angular shaft position at which o11 began to flow from 
the pump. These angular positions were then transferred to the lift 
curve, Figure 3, from which the effective pump stroke for any rack 
setting was obtained by subtracting the lift at the point of cut-off 
from the lift at the point of release. Knowing the effective pump 


stroke, for any rack setting, the pump plunger area and the density 
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of the Diessl o11, the weight of o11 discharged per stroke was com 
puted from the formula: weight per stroke = area of piston x stroke 
of piston x oil donsity. Since the area of the pump was .000846 
square feet (plunger dinmoter 10 millimeters), end the density of the 
oil at 12 lbs. per sq. in. pressure anc 74°F, was 62.284 x 8676 = 
54.038 pounds per cubic foot, the weight of o11 delivered per stroke 
The re- 


was:  .000846 x 54.088 x i. 00881 x lift" (1bs.). 


sults of the above computations are as tabuleted: 


TABLE 1 
Calculated Wt. 

heck Cut Re- Lift at Lift at Effective of oil per 

Setting Off lease Cut Off Release Pump Stroke Stroke ids - ) 
2159 376 56° 173"  e6s" 2130" 4.96 x 1074 
176 a 65° r 297" 122" 4.65 x 1074 
200 " 54° 4 290" 115" 4.88 x 10° 
225 " 53° . 282" 107" 4.08 x 1074 
«250 n 52° . 0274" 209s" 3.77 x 1074 
«300 " 560.5° r 262" 087" 8.315 x 1074 
350 " 49.26° . 258" .078" 2.97 x 1074 
~400 " 47.25° n 238" .063" 2.40 x 107* 
» 450 " 46° 227" 052" 1.98 x 107* 
«500 n 44° . 213" -038" 1.45 x 1074 
550 " 42.6° " 202" 027" 1.03 x 1074 
600 " 40° 185" 010" 0.361 x 107* 


From Figure 6, it may be observed that the surface representing 


the oil actually discharged por streke for any given rack setting 
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changes contour with both apeed and pressure variations. Disregerd- 

ing the dynamics of the system this surface should be coincident with 
the plane surface ABCD which represents the amount of o11 which the 

pump should deliver based on displacement data. Obviously the planes 
ABC Din Figure 6 are horizontal as shown einee the theoretical 
weight delivered per stroke is independent of 211 variables save rack 
setting. That the weight per stroke contour surface does net coincide 
with the plane surfeces A BC D Figure 6, is clearly shown for the 

rack settings considered (.200, .300, .400, .500). The fact that 
the pwap actually delivers more (or less) oi1 then is shown by displace- 
ment computations my be explained in the following wa, **? (2) (6)* 
Once the check walve has been lifted off ite seat, due to the oil pres-~ 
sure created by the plunger motion, 011 will flow into the line end 
pressure waves will develop between the face ef the pump plunger and 
the nozzle valve. ifhen the pump reaches the point of release, the 
check valve will remain off its seat for an appreciable interval due 
to ite inertia as well as to the friction force oocasioned by the 
viscous drag of the of] flewing past the valve. ‘Thus the next pressure 
wave, after release, reflected from the plunger fece will foree addi- 
tional oil past the open check valve and into the fuel line. This 
action is possible, in Spite of the faet that the Plunger by~pese 
channel puts the pump chamber in direct communication with the svction 
side of the pump, singe the by pegs ehanne) ares is so small that the 
Wager vere moving toward the plunger feee will be reflected from 
Wskwul wae Ab oy Ai sak Ghee A eae 
ae A Ee Fis ea” 


—_ 


“Such designations refer to similar numbers in bibliography. 
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surfaces ABCD. The amount of o11 actually delivered dacreased 
with increasing nozzle opening pressures due to the greater force 
exerted by the oil to keep the check valve on its seat against the 
action of the pressure surges, and to the increased pump leakage 


occasioned by the higher discharge pevesures .'°) 


Figure 7 shows the influence of rack setting and speed on the 
weight of oil discharged per stroke for various nozzle opening pres- 
sures and a pipe length of 15 inches; Figure 8 shows a series of 
similar surfaces for a pips length of 30 inches. Again it may be 
noted from these figures that as the nozzle opening pressure ap- 
proaches 2175 lbs. per sq. in., the weight contour surface approaches 
plane surfaces; see Figures 7 and 8 for nozzle opening pressures of 
2000 and 2500 lbs. per sqe ine These contour surfaces also clearly 
show the influence of pump speed changes on the quantity of oil] dis- 
charged. Here it is to be noted that in general the weight of oil 
discharged increased with higher speed up to about 700 R.F.Me (8) 
while for the range between 700 -- 800 R.P.H., the weight of oil de- 
ereasea; ‘® ) this my be seen most clearly in Figuree 7 and 8 and 
Table II for noszle opening pressures of 1500 and 1760 lbs. per sq. in. 
For the nozzle opening pressures of 2000 and 2500 lbs. per sq. in. 
(in the neighborhood of 2175 lbs. per sq. in.) the influence of pump 


speed was not 6o marked. 


Table II follows. 
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ACTUAL DISCHARGE (L8S.PER STROKE X 10~)3Pipe Length 30”. 






























Rack Pump Nozzle Opening Pressure 
Sett Speed 1500 1750 2000 2500 
500 A | 467 4 
200 500 541 535 485 412 
. 700 556 550 450 424 
860 568 508 457 403 
$00 394 404 366 318 
300 «500 459 452 865 $11 
700 460 457 359 $12 
800 435 422 $61 $19 
$00 508 304 268 216 
400 900 352 337 2665 216 
700 386 373 257 217 
800 356 556 270 217 
300 202 181 166 122 
600 500 226 236 173 123 
700 S00 279 167 128 
800 254 228 174 132 





The fact that the quantity of oil increased fcr increased pump 
speed up to 700 R.P.M., and then deoreased for further speed increases 
may be explained as follows: higher pump speeds give higher plunger 
speed, and hence impart greater velocities to the ofl being discharged 
from the pumps this increase in kinetic energy causes a greater quantity 
of o11 to flow past the pump check valve after release and before the 
check valve has become seated. As the pump speed increased beyond a 
certain value, however, the volumetric efficiency of the pump decreased 
since o11 could not flow into the pump chamber fast enough to completely 


fill it, and the quantity ef o11 discharged decreased. 


A comparison of Figures 7 and 8 shows pipe length, for the two 
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lengths investigated, to have little influence. (3 For nozzle open- 
ing pressures of 1750 and 2600 lbs. per sq. in., the two pipe lengths 
gave almost identical contour surfaces, while for nozzle opening pres- 
sures of 1500 and 2000 lbs. per sq. in. some irregulerities between 
the conteur surfaces may be noted. These irregularities, as may be 


seen, occurring for pump speeds of 500 R.Pelle and above. 


A comparison of Figures 9 and 10 show the influence of rack 
setting on penetration at a pump speed of 600 R.P.M., and a nezzle 
opening pressure of 1750 lbs. per sq. in., when discharging against 
atmospheric pressure. Figure 9 is for a rack setting of .400, while 
Figure 10 is for a rack setting cf .600. For both rack settings, the 
pictures marked 1 were taken at two degrees of pump shaft anguler 
displacement efter the point of injection was cbserved which is 
equivalent to one eighteen-hundredth of a second. Thereafter the 
pictures were taken in succession at one degree pump shaft intervals 
(ene thirty-six-hundredth of a seoond). In Figure 9, evidence of 
secondary discharges may be seen in pictures 4, 5, 13, 14, 15 and 
17,4) Maximum penetration of 16.5 inches is shown in picture 12 
and cut off in picture 13. The depth of penetration is quite uniform 
up to the point of cut off, picture 13. It ie interesting to note at 
this point that Figure 9 shows a definite injection period over an 
interval of 13 degrees angular pump shaft displacement, whereas the 
table on page 12 for a rack setting of .400 shows the injection period 
to be only 10.25 degrees. Thie point again established the fact thet 
the pump actually discharges more o1] under certain conditions than is 
theoretically possible. 
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In Figure 10 it may be readily seen that the spray penetration 
is quite irregular. Secondary discharges my be noted in pictures 
3, 4 5&, 6, 7, 9 and 10. Cut off has taken place in picture 7, and 
here the maximm penstration was about 10 inches. Again it may be 
noted in Figure 10 that injection took place over a pump shaft inter- 
val of & degrees whereas the table on page 12, for a rack setting of 


e600, shows this interval te be only 3 degrees. 
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le From Figure 6 it my be concluded that for this system 
there exists a certain nozzle opening pressure for which a linear 
relation exists between weight of fuel discharged per stroke and 
rack setting, and further that this linear relation is independent 
of speed for the range investigated; that is te say, for a pump 
speed from $00 -- 600 R.FP.&. and a nozzle opening pressure of from 
1500 -~- 2600 peunds per sq. ine In this case the nozzle opening 
pressure required to give this linear relation wes found to be 
about 2175 poumas per sqe ine 

It appears reasonable to suppose that a similar nozzle 

opening pressure will exist, and may be found, for sny injection 


system of the type investigated. 


2. A comparison of Figures 7 and & shows that for the pipe 
lengths investigated there was little or no change in the weight of 


oil delivered per stroke for the two pipe lengths. 


S$. Figures 6, 7 and 8 show definitely that the quantity of 
oil discharged per stroke decreases with increase in the nozzle 


opening pressure. 


4. Figures 6, 7 and 8 show that when operating at a nozzle 
epening pressure other than 2175 pounds per sq. in., as mentioned 
in 1 above, the weight ef oil discharged per stroke will vary 


with pump speed, and the greater the departure of the pressure 
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from this walue of nozzle opening pressure, the greater will become 
the influence of pump cpeed. Generally speaking, the quantity of 
e411 delivered per stroke, for the system investigated, increased 
with higher pump speed up to about 700 Reiek., and further speed 


increase caused the quantity of oil diechargea to decrease. 


&. The quantity of oil delivered per etroke fellows ina 
general way the rack setting, as seen frou Pigures 7 and 8, but 
this relation is not linear unless the nozzle is set to open sat 
the proper spring setting (2175 pounds per eg. in. for this system); 


see Figure 6. 


6. For a moderate load (rack setting of .400), it may be noted 
from Figure 9 that the spray penetration is reasonably uniform and 
that there is little evidence of secondary discharges. However, for 
light loade (rack setting of .600), it may be seen from Figure 10 
thet the spray penetration is irregular and that there is much evi- 


dence of secondary discharges. 

















mn iLie vetucth Gf .0 ene Gate cle Wo aeter otis mast 
te olihews ol ines ¢) ie pee or eee! of 
~~ 

Revemnchs emai eer pedege ret set .atoute mg neeeetles Lhe 
ee eB) ee 


soumreed) of bematenty ide me glidam@ ot tevwen wormpmal 








oat cowliel aienie ey Cert at Tle & Yee aT A 
en) bbe cones ct aes pees ee ie 
o> meee ot tow 06 cuca -at feetee vee se uf abisaler ) 
Tike ser ae ck dpe Bag aww) SITE) gaaaves pares seq wl 
an = 














entpe et tee th me Jo geltten dean) Led eieeebon 2 ot me 
bar niin qhamanes ob embieninem cows nal Tm # wae 

vet ew caqrasenth weakens Te emai SATIN ph erat, tas 
Ah weet ava anne oe que od (00d, We paderes Sper) cans He 
eS a leek Has ws 
. aici tt yrttemeee 


—s - 























. 










is *e 






¢.—— = = : «- . ol . 
eee” eee gee — = eee 
eee 











_ACKROWLEDGMENT 


The author desires especially to thank Professer C. J. Vogrt 
of the Department ef Meehanical Engineering, University of Cali- 
fornia, who started this investigation and who has given untiringly 
and cheerfully of both his time and wiedem in order that this problem 


might be carried forward. 


Thenks are also extended to Lieutenant H. S&S. Persons, U.S.K., 
who assisted in obtaining all the necessery data and the taking 
and developing of the pictures contained herein; and to Mr. J. E. 
Gullberg, Leoturer in the Department of Zoology, University of 


California, for the assistance given in the taking of many pictures. 


Finally, I desire to thank members of the W. FP. A. Project 
in the Depertment of Mechanical Engineering for their work in con- 


structing the experimental station and mking necessary alterations. 













___ ne 


tee 3% 0 omee er" ace 6° “wil eteeqes eoeiant curio pit 
ee ee ee re 
phen neg ant ate tee rutin iiomae ator Bereety 349 vauph, 
amkoorry 8 Ihe tae emma eels ben emt ob4 ddat te _ihetvemen tae 

ree? etreme ee glee 












i er 2d Staaten) at betretve vols ove ear? 
ee pee ee fe 
ch ak OP hae [net eters seretoly 3) We eaten 
de eon .qyntand Ye tenet att A) weuunt ne Y 


—_— al» am 


venrentg sam 3H eld att a ani arinbione <A we" tena hfe 

























ee ee ee 
ee SE eee sine wh were Aewtainonls ts menue welt wh 
ners nm aoa ies cnnrery Leena 29 








(1) 


(2) 


(3) 


(4) 


(6) 


(6) 


BIBLIOGRAPHY 


Fuel Injection Mechanisms and Vibrations in Fuel Lines 


fran "Solid Injection Diesels" by F. Sass. 
WH. Ae C. A. Technical Report No. 396. 
Ne. Ae Ge Aw Technical report No. 433. 
“Diesel Notes" by Carl J. Vogt. 


The Automobile Engineer, Way 1934. “Jerk-Pump Injection" 


by K. J. DeJuhasz and P. G. Burman. 


A. S. M. E. Transactions for February 1938. "Determination 
of the Rate of Discharge in Jerk-Puamp Fuel-Injeetion 


Systems", by K. J. DeJuhasz. 


27 





oon 


wri Amwil ! sendiamdi) lene apdemitomt colrpetal fort VE) 
see 0 we “olewedd enlrwsye. Miu” aogt 





. ee eee ae 


Nk UN PHO Jeemeteet ad 22 (A) 


eet 5. Dest ot “owtet tenes, (4) 


“wnlenhht quvtlte\” BAH) wt yneneiyee priteeenich eft (4) 
: net ON et pantie i 2 of a 


a a a" —- =—_ 


Pee dant went ate eet Be BAA un 
ee ee 
-—-: - ae —_ 

oe . 


mame 9 


























BINDERY 
@ S2°0"S | 


| AUG 31 
| NOV 9 








